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(54) Laser diode coliimating system 

(57) A laser diode coliimating system comprises a 
coliimating lens (L1) for receiving a laser beam from a 
laser diode LD. First and second orthogonally arranged 
cylindrical lenses (CYL1,CYL2) are provided through 
which the laser beam passes. The cylindrical lenses are 



positioned so as to have a substantially common focal 
plane and operate substantially independently on the di- 
vergence and/or convergence of the laser beam in its 
fast axis and slow axis directions, respectively. A convex 
lens (L2), through which the beam passes, has a focus 
lying in said common focal plane. 
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Description 

[0001] The invention relates to a laser diode collimat- 
ing system. 

[0002] Laser beam modules that produce circular- 
ised, collimated laser output using a laser diode are par- 
ticularly suitable for Violet plate CTP (Computer-to- 
plate) recording machines which need a circular beam, 
high efficiency with high quality (small focus error, low 
astigmatism and low sidelode) from a violet laser diode. 
Many methods have been proposed around laser diode 
beam forming, but none of them meet the requirement 
for this purpose. 

[0003] One method uses a coHimating lens and an ap- 
erture only to circularise the laser beam. The aperture 
reduces the transmission efficiency and produces large 
sidelobes caused by diffraction effects. Some suppliers 
produce nearly circularised laser diodes by placing mi- 
cro-optics into the laser diode "can" and such laser di- 
odes are convenient for the method. Even though effi- 
ciency is not an issue, the position of the coHimating lens 
is so sensitive to the focus position that it must be con- 
trolled very precisely. Furthermore, additional elements 
or means are necessary to correct astigmatism which is 
inherent with laser diodes. 

[0004] A second process uses a coHimating lens and 
a prism pair. Prisms can circularise the beam from var- 
ious laser diodes with good efficiency, however the lens 
detennines collimation, so it has to be aligned very ac- 
curately. In addition, some other means must be em- 
ployed to correct for astigmatism. To reduce the beam 
size, additional optics are required. For applications that 
require small collimated beam sizes, e.g. 1mm diame- 
ter, prisms are not necessarily the preferred option as 
they are generally used to expand beam sizes (not re- 
ducing) to ensure reasonable optical efficiency. Hence 
the required optics are likely to become complicated. 
[0005] An alternative method uses a coHimating lens 
and two cylindrical lenses. The lenses can be used for 
slow axis beam size conversion, but they also have to 
be used for fast axis beam size conversion for small, 
collimated beam output, e.g. 1mm diameter. This meth- 
od is useful forthe collimation and beam sizing of limited 
aspect ratio laser diodes where beam circulation can be 
aided with the placement of an aperture in the beam 
path with little or no Induced optical efficiency loss. 
[0006] Though the astigmatism along the cylindrical 
lenses axis can be easily corrected for, collimation lens 
alignment is not so easy. The reason is that laser beam 
divergence for the slow axis is determined by the posi- 
tion of the coHimating lens and is very sensitive to this 
posltbn of focus, and thus must be accurately aligned. 
Although this design may seem to have a reasonable 
capability, apart from the collimation lens sensitivity con- 
cern, there is no function to correct for the off-axis astig- 
matism that may well be produced by the surface shape 
error or alignment error In the optics. 
[0007] In accordance with the present invention, a la- 



ser diode coHimating system comprises a coHimating 
lens for receiving a laser beam from a laser diode in use ; 
first and second orthogonally arranged cylindrical lens- 
es through which the laser beam passes, the lenses be- 

5 ing positioned so as to have a substantially common fo- 
cal plane and operating substantially independently on 
the divergence and/or convergence of the laser beam 
in its fast axis and slow axis directions respectively; and 
a convex lens through which the beam passes, the con- 

^0 vex tens having a focus lying in the said common focal 
plane. 

[0OO8] The present invention overcomes the prob- 
lems mentioned above and produces a high quality, cir- 
cularised, collimated beam with good optical transmis- 

'5 sion efficiency. 

[0009] The cylindrical lenses and convex lens can be 
arranged In a number of different configurations but In 
the preferred arrangements, either the cylindrical lenses 
are located between the coHimating lens and the convex 

20 lens, or the cylindrical lenses are located downstream 
of the coHimating lens and the convex lens. 
[0010] In many cases, the required circularity Is 
achieved with the lenses alone but in some cases, an 
aperture may be provided downstream of all the lenses 

25 so as to provide a final correction. 

[001 1 ] An aperture can also be positioned at the com- 
mon focal plane to act as a spatial filter and to reduce 
the amount of undesirable Hght, for example fluores- 
cence or (lambertian) scattered light from the laser di- 

30 ode. 

[0012] Some examples of laser diode coHimating sys- 
tems according to the invention will now be described 
with referencetothe accompanying drawings, in which :- 



35 



40 



Figures 1A, 1Bto 6A, 6B illustrate six different ex- 
amples of systems according to the Invention; 
Figures 7A and 7B are a plan and side elevation of 
an assembly drawing of the Figure 6 configuration; 
and, 

Figure 8 is a cross-section through the laser diode 
holding assembly. 



[0013] In each of Figures 1 to 7, the "A" diagram 
shows the components in the fast axis direction and the 
^5 "B" diagram In the slow axis direction where the fast and 
slow axes relate in a conventional manner to the laser 
diode concerned. 

[0014] Thus, as can be seen In Rgures lAand 18, a 
laser diode LD generates a laser beam which is fed to 

50 a high NA coHimating lens LI positioned and aligned to 
obtain a near collimated beam from the laser diode. A 
low NA spherical lens L2 and a cylindrical lens CYL1 
compose an optical expander forthe fast axis correction 
of the laser diode. L2 and another cylindrical lens CYL2 

55 compose an optical expander for the correction of the 
slow axis. An aperture A1 is placed at the end of the 
optical path to compensate for residual elliptlcity and 
therefore circularises the laser beam. The cylindrical ax- 
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es of the cylindrical lenses CYL1 and CYL2 are posi- 
tioned orthogonally to each other. 
[0015] It will be noted In Figure 1 that the focal plane 
of the cylindrical lenses CYL1 and CYL2 Is substantially 
coincident as shown at F. 

[0016] In the Figure 2 example, the lens L2 Is located 
upstream of the cylindrical lenses CYL1 and CYL2 but 
otherwise the optical arrangement is the same with a 
common focal plane F for the cylindrical lenses. 
[0017] These configurations have several advantag- 
es. L1 alone does not determine the divergence of the 
output beam, so it need only be roughly aligned. Diver- 
gence can be easily controlled using L2. By controlling 
the divergence (or convergence) of the output of L1 , the 
collimated laser beam diameter from the laser module 
can be adjusted. Using this method, the fast or slow axis 
of the laser beam can be adjusted to the desirable size 
from various laser diodes. 

[0018] In another aspect, L1 is sensitive to any errors 
from the ideal designed condition due to high NA. For 
example, a change In wavelength or can window thick- 
ness of a laser diode will induce aberration. Such aber- 
rations can be minimised with the preferred alignment 
of L1 and L2. Slow and fast axis divergence produced 
by a laser diode can be controlled by means of inde- 
pendent alignment of CYL1 and CYL2, and hence astig- 
matism can be completely compensated for. The axes 
of the CYL1 and CYL2 elements are nominally orthog- 
onal. Any error in this orthogonality will induce 45° astig- 
matism. The amount of this astigmatism is a function of 
the rotation angle. Thus 46** that astigmatism can be 
completely cancelled out by adjusting the rotational an- 
gle of the cylindrical lenses. 

[0019] The cylindrical lenses are preferably singlets 
due to the manufacturing difficulty, so they have to be 
used at small NA so as to minimise any induced aber- 
ration. However, that solution will increase the focal 
length of each lens, hence the overall length of the laser 
module becomes longer. The spherical lens, L2, can be 
multielement or an aspheric lens, hence the lens can 
compensate for the aberration produced by the cylindri- 
cal lens elements, or even can compensate the residual 
aberration produced by the first collimating lens, L1. 
This solution will result in a more compact laser diode 
module. An aperture A2 can be positioned at the focus 
position in the laser module, acting as a spatial filter and 
reducing the amount of undesirable light, i.e. fluores- 
cence or (lambertian) scattered light from the laser. The 
aperture A2 will result in improved laser module extinc- 
tion ratio when the laser diode LD is modulated on/off. 
Furthermore, a final aperture A1 is used to circularise 
the beam, but since the beam at this point is almost cir- 
cularised in any case, the power loss and diffraction ef- 
fects at this aperture are small. 

[0020] Figures 3 to 6 illustrate four further configura- 
tions in which one or both of the cylindrical lenses 
CYL1 ,CYL2 has a negative curvature. 
[0021] A more detailed mechanical diagram of the 



Figure 6 example is shown in Figures 7A and 7B. The 
components are mounted on a baseplate 1 . A laser di- 
ode LD is pushed into a laser mount 2. A high NA colli- 
mating lens 3, preferably a glass molded aspheric lens, 

5 is press-fitted into a lens holder4. Athermo electric cool- 
er 5 is used to control the temperature of the laser diode 
and the collimating lens. The laser diode can be rotated 
to align the polarisation axis and can be posltionally 
shifted in the X and Y directions to align the emitting 

10 point of the diode to the collimating lens axis. The colli- 
mating lens 3 can be adjusted back and forward with 
respect to the position of the diode to adjust the diver- 
gence condition. 

[0022] Lenses L2 (spherical) , CYL1 and CYL2 (cylin- 
15 drical lens elements) on their respective mounts 6-8 can 
be shifted in the X, Y and Z directions with respect to 
the position of the laser diode to correct for shift and 
focus error. CYL1 and CYL2 lens elements can be ro- 
tated parallel to the laser beam axis in order to align their 
20 axis to the laser divergence axis. Additional small ad- 
justment of CYL1 or CYL2 can be made to compensate 
for off-axis astigmatism. 

[0023] A first aperture 10 is placed at the focus posi- 
tion to eliminate undesirable light. A second aperture 11 

25 is placed at the end of the module. The size of the ap- 
erture is pre-selected to get the desired beam size. The 
aperture is attached on a gimbal mount 12 so it can be 
tilted in two axes to correct for any residual ellipticity. A 
glass plate 1 3 defining a beam splitter is placed near the 

30. Brewster's angle to reflect a fraction of the collimated 
light toward a photo detector (not shown) that is used 
for stabilising the power with feedback control. 
[0024] As can be seen in Figure 8, the lens holder 4 
is made of two parts 4A,4B with holder part 4A pushed 

35 into holder part 4B. Once the distance between the lens 
and LD is adjusted, it is fixed with screws. 
[0025] Though most if the parts of the holder 4 are 
aluminium because of its good themnal conductivity and . 
cost, the holder part 4A is made by a different material 

40 in order to keep the collimating status throughout a 
working temperature range. This can be explained as 
follows: 

[0026] If the holder parts 4A,4B were both aluminium, 
the change in focal position df with temperature would 
45 be as follows. 

Df = (ft-f*a)*t 

50 f: focal length of the lens 

a: thermal expansion of holder part 4A and holder 
part 4B 

ft: focal length change of the lens per degC 
t: temperature difference (degC) 

55 . 

[0027] Unless f*a = ft, the collimating condition would 
change significantly. For example, if a = 23 x 1 0e-6, f = 
4mm and ft = 150 x 10e-6mm/deg, then df = 58 x lOe- 
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6mm/deg. 

f0028] If a different material is used for holder part 4A, 
'ormula would be as follows: 

df = {ft-f*a - r(a-b))*t 

b: thermal expansion of the holder part 4A material 
I: length of the holder part 4A 

[0029] In this case, the material and length of the ma- 
terial of the holder part 4A can be chosen so that ft-f*a 
= r(a-b). For example, if the holder part 4A was made 
of silver steel (b = 11 x 10e-6) and 1 = 5mm, then df = 
-2 X 10e-6mm/deg. 



Claims 



erture to be tilted in two transverse axes. 

9. A system according to any of the preceding claims, 
wherein the collimating lens has a NA greater than 

5 0.25. 

10. A system according to any of the preceding claims, 
wherein the convex lens has a NA of less than 0.1 . 



10 11 . A system according to any of the preceding claims, 
wherein the collimating lens is supported on a 
mount comprising two different components chosen 
such that in use, the distance between the laser di- 
ode and the collimating lens can be maintained con- 
's stant throughout a working temperature range. 



1 . A laser diode collimating system comprising a col- 20 
limating lens for receiving a laser beam from a laser 
diode in use; first and second orthogonally arranged 
cylindrical lenses through which the laser beam 
passes, the lenses being positioned so as to have 

a substantially common focal plane and operating 25 
substantially independently on the divergence and/ 
or convergence of the laser beam In Its fast axis and 
slow axis directions respectively; and a convex lens 
through which the beam passes, the convex lens 
having a focus lying in the said common focal plane. 30 

2. A system according to claim 1 , wherein the cylindri- 
cal lenses each have a focusing power of the same 
sign. 

35 

3. A system according to claim 1 or claim 2, wherein 
the cylindrical lenses are located between the col- 
limating lens and the convex lens. 

4. A system according to claim 1 or claim 2, wherein 40 
the cylindrical lenses are located downstream of the 
collimating lens and the convex lens. 

5. A system according to any of the preceding claims, 
wherein the collimating lens has a higher numerical ^5 
aperture (NA) than the convex lens. 

6. A system according to any of the preceding claims, 
further comprising a first aperture located in or ad- 
jacent to the said common focal plane. 

7. A system according to any of the preceding claims, 
further comprising a second aperture downstream 
of all the lenses so as to provide a final ellipticity 
correction. ^5 

8. A system according to claim 7, wherein the second 
aperture is mounted on a support to enable the ap- 
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